Soil water depletion by soybeans was generally confined to the upper 90-cm soil depth. Average (4-year) water use was 23.6 cm, and was not significantly affected by plant spacing. In 2 of the 4 years, total water use was greatest and average soybean yields were least Prom the 15-cm row width. Within-row spacing affected yields in only 1 of the 4 years.
R have shown that soybean [Glycine max (L.) Merr.] yields in many regions are frequently increased by planting in narrow rows (3, 4, 11, 12, 14, 18) . This effect of narrow rows has often been explained by the fact that the closer canopy that results may intercept a larger percentage of the solar radiation (13), thereby increasing photosynthesis and reducing soil evaporation losses.
Timmons et al. (17) found that greatest soybean yields were obtained with low plant population when planted in narrow rows, but higher planting rates were required for maximum yield in wider rows. Cooper (3) found similar trends at some Illinois locations, but not at others. Generally, however, in most experiments reported, yield responses to plant population have seldom been large and are frequently irregular (8, 9, 11, 18) .
Taylor (16), Stone et al. (15) , and others have attempted to relate rows-spacing and population effects to soil water depletion and evapotranspiration rates for soybeans. In a year of above normal precipitation in Iowa, Taylor obtained 17% greater soybean yield from 25-cm rows than from 100-cm rows, but he found no row spacing effects in drier years.
The question of water availability and water use rate, as affected by planting geometry, becomes of major significance to soybean production in drier regions or drier years. In such situations, water availability may assume greater importance than availability of solar radiation in limiting the growth of most crops.
' Contribution from USDA, ARS. The experiments reported here were conducted to obtain information upon which to base recommendations for cultural practices for soybean production under conditions of limited water availability.
MATERIALS AND METHODS
Field experiments were conducted at Mandan, N. D., in 1976 through 1979 to measure effects of plant and row spacing on soybean seed yield, oil concentration of seed, and water use. Experiments were conducted on Temvik silt loam (fine-silty, mixed Typic Haploborolls), a soil formed in shallow loess (60 to 75 cm deep) overlying glacial till. The surface 120 cm of soil contains about 32 cm of water at 4 bars tension and 16 cm of water at 15 bars. At the start of the study, the surface 15 cm of soil contained about 2.5% organic C, 10.0 ppm NaHC03-soluble P, and had a saturated paste pH of 6.5.
Experimental treatments consisted of nine geometric spacings of plants, achieved with use of three between-row spacings (15, 45, and 90 cm), and three within-row spacings (1 1, 15, and 23 cm). Plant populations from this combination of row widths and within-row spacings ranged from 47,500 to 580,000 plantdha (Table 1) . A randomized block design with three replications was used. Each plot (4.3 x 15 m) received 1 1-kg N/ha, 22-kg P/ha, and 37-kg K/ha broadcast annually as ammonium nitrate, concentrated superphosphate, and potash, respectively. Wheat or safflower stubble from the previous crop was moldboard plowed before seeding. Average N03-N concentration in spring soil samples taken each year was 60-kg/ha of inorganic N in the upper 60-cm soil depth. Preemergence herbicide (trifluralin) at a rate of 0.85 kg/ha (ai.) was broadcast after plowing and incorporated by harrowing in two directions to control broadleaf weeds and grasses. Plots were kept weed-free by hand hoeing if necessary during the season.
Soybeans ('Clay' cv, in 1976 , 1977 , and 1978 and 'Ada' cv. in 1979 were seeded 10 to 20 May each year (2 June in 1978 because of wet soils). Soybean seed was drilled in 15-cm rows at rates about 30 to 50% greater than that required for the desired within-row spacings. The 45-and 90-cm row spacing were established by eliminating the extra rows. About 3 weeks after emergence, plants were thinned to the desired within-row spacings, except in 1977 when within-row spacings were doubled (22, 30, and 46 cm) because of exteme drought.
Each year access tubes for the neutron moisture meter were placed midway between the two harvest rows, and soil water was measured approximately monthly in 30-cm depth increments to the 180-cm soil depth. Total water use was calculated by subtracting current soil water content from water content of an earlier sampling date, and adding precipitation during that period. Runoff and deep percolation were negligible. Water-use efficiency (WUE) was calculated Because the factorial arrangement of plant and row spacings used in this experiment resulted in wide range plant populations, analyzing our data as a factorial experiment could result in confounding for any measurement where population had a direct effect upon the data collected. Data should more properly be analyzed as a randomized block for the nine treatments studied. We analyzed our data by both methods, and found essentially no difference in identifying factors that were statistically significant. Therefore, we are presenting results of our statistical analyses in a factorial arrangement because this arrangement brings out the implied effects of plant and row spacing. We recognize, however, that this method of presentation does include whatever confounding effects which may have occurred.
RESULTS AND DISCUSSION
In Mandan, N.D., long-term (62-year) mean total precipitation and monthly temperature for the period between 1 May to 31 August are 24.3 cm and 18.3 C . In 1976 In , 1977 In , and 1979 Soil Water Content and Water Use Within-row spacing of plants had no effect upon soil water content (0-to 180-cm depth) in any year, thus all soil water data are presented as an average of all plant spacings. Also, no changes were observed in water content of soil at depths greater than 90 cm, regardless of plant or row spacing. In contrast, on the same soil at an adjacent site, sunflower extracted significant quantities of water to the 150-cm depth (1).
Total soil water contents in the 0-to 90-cm profile are shown in Fig. 1 for the three between-row spacings for all 4 years. Soil water content was usually lowest for the 15-cm row spacing. This situation may have resulted from greater plant populations and leaf area in the 15-cm row spacings than in the wider rows, resulting in rapid early-season depletion of soil water reserves. In 1977, soil water supply was extremely low during the growing season, except before harvest in September when heavy rains occurred. In 3 of 4 years, soil water contents in the surface 90 cm decreased to at least the -15 bar level during part of the growing season. Soybeans in 1978 were probably u:nder least water stress of any year, and plants weire fully branched, vigorous, and taller than those in other years. Figure 2 shows cumulative water use during each of the four growing seasons. More water was used before the flowering stage (sampling date nearest 1 August) than after flowering. Cumulative water use by soybeans before the first sampling date (July) was greater for the 15-cm rows than for the wider rows in all years (statistically significant in 3 of the 4 years). In 2 of the 4 years, these differential effects of row spacing upon cumulative water use were still statistically significant at harvest. Thus, it appears that narrow row spacing did stimulate early-season water use. Soybean Yields Yields of soybeans for the 4 years are presented in Table 2 . In only 2 of the 4 years (1978 and 1979) did average yields exceed 800-kg/ha. In both of these years, neither plant nor row spacing affected seed yields. In 1976 (mean yield of 640-kg/ha), yields were least for 15-cm row spacing, with no effect from plant spacing within the row. In the extremely dry (prior to September) year, 1977, maximum yield measured was only 200 kg/ha-essentially a crop failure. Under these conditions, seed yields decreased as both plant and row spacing decreased. In these 2 years of lower yields, seed yield generally decreased as total plant population increased above 145,000 (1977) or 195,000 (1976) 
Yield results obtained in 1976 and 1977 (seasons of below normal rainfall) did not agree with those of other studies (3, 4, 7, 1 l), where narrow rows showed a yield advantage over wider rows. However, 1978 and 1979 results agree with yet other reports (12, 16) in which no significant differences in yields were measured between various row widths. Adequate rain during July and August of 1978 and 1979 likely reduced competition for water by plants in 15-cm rows compared to very low rainfall in these months in 1976 and 1977.
Hinson and Hanson (7) reported that within-row plant spacing influenced soybean yields. Our yield results showed that the effects of spacing within the row were significant only under conditions of extreme drought. Likewise these results suggest that yield of soybeans grown in narrow (15-cm) rows might be less than that from wider rows in drought years.
Number of pods per plant was significantly reduced by decreasing the spacing between or within rows in all years (Table 3) In no year did any varible studied affect oil concentration. Average oil concentration was 17.9%. These results agree with those from a previous study (18) which showed that neither plant nor row spacing affected oil concentration. Data from a Canadian study ( 5 ) indicated that the greatest percent oil was obtained with the greatest space between and within rows. Hinson and Hanson (7) found that the effect of withinrow spacing on oil concentration varied among several cultivars.
Efficient utilization of limited water resources for crop production is essential for agriculture in waterdeficient regions. Therefore, WUE was calculated for soybeans by dividing seed yield by total water used. Data are given in Fig. 3 . Generally, within-row spacing had no significant affects upon WUE because this variable did not greatly affect either seed yield or water use. However, between-row spacing had a significant effect upon WUE in all years.
In all except 1979, WUE was least for the 15-cm row spacing. Reduced WUE for narrow rows again cautions against narrow-row planting of soybeans in situations where severe water stress is anticipated. Based on this conclusion, one might question, for example, the use of narrow row plantings of soybeans in double cropping situations in regions where late summer rainfall may be limited. It is of interest to also note from Fig. 3 that average annual WUE values increased as average annual yields increased.
